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@ Nidcel catalyst containing a day binder. 



@) A fonmed nidcel catalyst useful in fixed bed hydrogenation of fatty materials is described. The catalyst 
comprises from about 10% to about 50% by weight of nickel and from about 3% to about 30% by weight 
of at least one clay mineral binder. The catalyst may also contain from about 20% to about 60% by 
weight of silica and from about 1% to about 10% by weight of alumina. A process also is described for 
preparing such formed nickel catalyst The use of such nickel catalyst In the hydrogenation of fatty 
materials such as fatty acids and esters also is described. 
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Held of the Invention 

The present invention relates to formed nickel catalysts which are useful in fixed bed hydrogenation reac- 
tions. More particularly, the invention relates to formed nickel catalysts useful in fixed bed hydrogenation of 
fatty materials such as fatty acids and fatty esters. The invention also relates to the process of preparing such 
catalysts and to the use of such cafalysts in hydiogenating fatty acids and esters. 

Background of the Inventfon 

Supported metal catalysts are known, and their use in numerous reactions, including the hydrogenation 
of fatty materials, has been described extensively in the literature. Supported nickel cafalyste have been utBlzed 
in various hydrogenation processes where low IV (iodine value) fatty products are desired. Alow IV is obtained 
when the product is completely or essentially completely saturated. 

Fatty acid hydrogenations can be accomplished either in a slurry phase with a powdered catalyst or in a 
fixed bed with a formed catalyst. The normal catalyst of choice is based on reduced nickel as the catalytic 
species. However, nickel, and especially any nickel oxide, nickel hydroxWe. or nickel carbonate present in the 
catalyst tends to react with the fatty acids to form nickel soaps. These soaps can redeposit on the catalyst or 
can be removed firom the catalyst and accumulate in the slurry phase or can be carried off in the fatty acid 
hquM in a fixed bed reaction. As the amount of soap deposited on the catalyst increases, the activity of the 
catelyst decreases. In addition, any dissolved nickel soaps which are carried into the product can be deleterious 
to the quality of the reduced product. 

The term -supported nickel catelysr can be defined as a catalyst wherein the nickel precursor Is deposited 
on a refractory metal oxMe support by means of Impregnation or precipitation to distribute the nickel metel as 
small crystallites upon the support. Examples of patents describing various nickel-containing supported cat- 
alysts and their Use in catalytic hydrogenation reactions include U.S. Patente 2,812.342 and 3.691.100. U.S 
Patent 2.812.342 discloses the hydrogenation of structurally modified adds using conventtonalcatelysts such 
as Raney nickel catalysts and hydrogen. U.S. Patent 4.317.748 describes a process for the preparation of sup- 
ported nickel catalysts whteh are useful as hydrogenation catalysts, particularly for the hydrogenation of fatty 
materials. Examptes of support materials include alumina, silica, silica gel, fumed silica, naturally occurring 
days such as montmorillonite and montmorillonite-rich minerals, carbon Waok. activated charooal ete The cat- 
alysts described In the '748 patent are typically free-flowing powders containing 25 % to 75 % nickel In par- 
bcular. the supported nickel catalyste are prepared by a process involving contacting a solid support material 
and nickel soap of a monocarboxylic acid in an inert hydrocartjon until the nickel is associated with the support 
The niokel-bearing support material is then subjected to a sulf iding step followed by precipitation of nickel metal 
thereon. The use of an inert hydrocarbon is an essential feature of the process. 

U.S. Patente 4.174,302 and 4,317,748 describe catalyste which contain nickel and support materials which 
include day. In particular. U.S. Patent 4.1 74.302 describes a catalyst for producing cydoalkylaromatics from 
aromatic hydrocari>ons in the presence of hydrogen wherein the catalyst consiste essentially of ruthenium 
nickel and a support material selected from the group consisting of active day and silica-alumina. The catalyst 
contains from about 0.01 to 0.3 weight percent of ruthenium and from about 0.03 to 1 weight percent nickel 
U.S. Patent 4.317.748 is described above, and U.S. Patent 4.584.140 describes a process for separating fatty 
daJSeirthT' ^^"^ ^^^^^^ ""*el catelyst composition which may also contain non-nnkel-containing 

The preparation of nickel catalyste supported on natural silicates is described by M.T Rodrlgo et al in "Ad- 
plied Catalysis A: General". 88; 1992 (101-114). Elsevier Sdence Publishers B.V.. Amsterdam. Four Spanish 
sibcates are described as useful supporte:seprolite. palygorskite. bentonite and diatomite. The powdered cat- 
alysts descnbed in this article were prepared containing from 8.4 to 12% nickel. The activity of the catalyste 
was found to be almost independent of the nature of the support, whereas differences in selectivity were as- 
cnbed to differences in the morphology of the support. 

Summary of the Invention 

Aformed nickel catelyst useful in fixed bed hydrogenatton of fatty materials is described. The catelyst com- 
pnses firom about 1 0% to about 50% by weight of nickel and from about 3% to about 30% by weight of at least 
one day mineral binder. The catelyst may also contain firom about 20% to about 60% by weight of silica and 
from about 1% to about 1 0% by weight of alumina. A process also is described for preparing such formed nidcel 
catelyst The use of sudi nidcel catelyst in the hydrogenation of fatty materials such as fatty acMs and esteis 
also IS described. 
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Description of the Preferred Embodiments 

The formed nickel catalysts of the present invention comprise from about 1 0% to about 50% by weight of 
nickel and from about 3% to about 30% by weight of at least one day mineral binder. In a preferred embodiment, 
5 the catalyst is a supported catalyst wher^n the support comprises refractory metal oxides including synthetic 
inorganic oxides of silicon, magnesium, calcium, alumina, zinc, and mixtures thereof. Generally, the refractory 
metal oxide support can be alumina or snica or mbctures of alumina and silica. Throughout this specification 
and claims the weight percents of nickel are based on the total weight of the catalyst and are calculated as 
the metal. 

10 Accordingly, in one embodiment, the catalyst of the present invention wOl comprise from about 10% to 

about 50% by weight of nickel, from about 20% to about 60% of silica, from about 1% to about 10% by weight 
of alumina, and from about 3% to about 30% by weight of at least one clay mineral binder. One method by 
which such catalyst can be prepared is described below. 

An essential component of the formed nickel catalyst of the present invention which is useful particularly 

15 in the fixed bed hydrogenatlon of fatty materials is at least one clay mineral binder. The amount of day mineral 
Incorporated into the formed catalyst is an amount which is sufficient to bind the components together and 
maintain the shape of the formed catalyst As noted above, the catalysts may contain from about 3% to about 
30% by weight of the day mineral binder, and in another embodiment, the catalysts contain from about 5% to 
about 20% of day mineral binder. 

20 Clays may be broadly defined as containing the elements silicon, aluminum, oxygen, iron, magnesium and 

various alkaline earth elements. They are generally hydrated silicates of aluminum, iron or magnesium and 
may be crystalline or amorphous. Crystalline days are most common and are identified and dassif ied primarily 
on the basis of crystal structure and the amount and locations of charge with respect to the basic lattice. 
The day minerals which may be employed as binders in the formed catalysts of the present inventton may 

25 be any of the common crystalline day minerals such as the kaolin group, the illite group, the montmorillonite 
or smectite group, the chlorite group, the vermiculite group, the sepiolite and attapulgite group, etc. Examples 
of the kaolin group clays indude kaolinite, dickite and nacrite which are silicoaluminous days and all are con- 
sidered to have the chemical formula 2Si02-Al203-2H20; and halloysite which Is also exdusively silicoalumi- 
nous. Other species of the kaolin group are distinguished by the partial replacement of aluminum by iron, mag- 

30 nesium, nickel or manganese. The montmorillonite or smectite group is characterized by finely grained, thin- 
layered microcrystals. The layers are not tightiy bound one to another and, theiBfore, these days absorb and 
adsorb materials. The mostfamiliar of this group is montmorillonite. Related species indude beideflite in which 
silicon is partially replaced by aluminum; nontronite in which aluminum is partially replaced by iron; saponite 
and stevensite in which aluminum is partially replaced by magnesium. 

35 Examples of days composed predominantiy of kaolinite are china days, kaollnes, ball days, fire clays and 

flint days. Often, the terms china day and kaolin are used interchangeably. Other specif ic examples of useful 
clays Include diaspora day which is a hydrated aluminum oxide with an AI2O3 content of about 85 % and a 
water content of about 15%. Bentonites are aluminum silicate days which are also referred to as sodium smec- 
tites. In one preferred embodiment of the invention, the day which is utilized as a binder is selected from at- 

40 tapulgite, bentonite and kaolinite. Particularly useful attapulgite clays are available from the Engelhard Cor- 
poration under the general trade designation Attagel®. For example, Attagel® 50 is a dry powder having a 
B.E.T. surface area of 150 m2/gm. and Attagel® 40 is a dry powder having a B.E.T. surface area of about 140 
m2/gm. These products typically contain about 66% SiOj, 12.2% AI2O3, 11.5% MgO, 3.6% FoaOs and 4.3% 
CaO. 

45 The catalysts of the present invention also may contain small amounts of at least one silica support ma- 

terial. The amount of silica support material may be varied although amounts of from about 0.5% to about 10% 
are presently preferred. Various silica support materials may be utilized induding diatomites such as diatoma- 
ceous earth (Kieselguhr) or perlite. Diatomites generally contain about 85-90% Si02 and about 3-5% of Ai203. 
For example, a diatomaceous earth such as Celite FC available from Manville Corp. may be incorporated into 

so the catalyst of the present invention. 

The present invention also indudes a method of preparing the formed nickel catalyst of the present in- 
vention. The process comprises 

(A) preparing an aqueous acidic mbcture of nickel Ions and a solid porous support material; 

(B) combining the aqueous acidic mixture of (A) with an aqueous alkaline mbcture of an alkali metal silicate 
ss and an inorganic base whereby the nickel and silicate tons are precipitated onto said support material to 

form a catalyst; 

(C) recovering the support material containing the precipitated nickel and silicate bns; 

(D) preparing a mbcture of water, a clay mineral and the support material containing the predpitated nickel 
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and silicate ions; and 
(E) forming the mixture into the desired shape. 
After the mixture is formed into the desired shape, the catalyst may be dried and calcined at an elevated tem- 
perature. The calcined catalyst may then be activated by reduction with a reductant 
5 In one embodiment, an additional silica support material as described above may be added to the mixture 

or slurry obtained in step (B) after the nickel and silicate ions derived finom the mixture prepared in step {A) 
have been precipitated into the support material but before the precipitate containing the nickel and silicate 
ions is recovered In step (C). The amount of silica support material added to the mixture is an amount sufficient 
to provMe a catalyst containing about 0.5 to about 10% of the silica support material. The silica support material 

10 in the catalyst Is to be distinguished and is different from the SiOz present in the catalyst which is derived from 
the alkali metal silicate contained in the aqueous alkaline mixture used in step (B). 

In another embodiment the material recovered in step (C) may be washed with water and/or dried with air 
blowing or at an elevated temperature prior to proceeding with step (D). 

The nickel ions which are present in the aqueous acidic mixture prepared in step (A) may be derived from 

15 any nickel source which is soluble In acidic water. For example, the nickel ions may be derived from a nickel 
halide such as nickel chloride. Other nickel sources include nickel nitrate hexahydrate, nickel carbonate, nickel 
acetate, etc. The amount of nickel ions present in the aqueous acidic mixture used prepared in step (A) Is an 
amount which is sufficient to provide the final catalyst with the desired nickel content which is described above 
as between from about 10% to about 50% by weight. The acidity of the aqueous mixture Is controlled by the 

20 amount of acid added to the mixture. Generally, a mineral acid such as hydrochloric acid or nitric acid is utilized. 
The pH of the aqueous acidic mixture used in step (A) generally Is In the range of from less than 1 to about 5. 
The aqueous acidic mixture used in step (A) is generally prepared by adding the nickel compound to water 
followed by the addition of the inorganic acid to acidify the mixture to the desired pH. This mbcture generally 
is heated to a temperature such as from about 30*^0 to about 60*'C, and the support material is then added. 

25 Following the addition of the support material, the mixture is heated to about 75'>C or dO'^C. 

The solid porous support material incorporated into the aqueous mixture used in step (A) may be any re- 
fractory metel oxkle support such as alumina, silica, zinc oxide, zirconium oxide and mixtures thereof. Alumina 
is a preferred support material of the present invention. Specific examples of useful commercially available 
aluminas include certain members of the Versal family of aluminas available from Kaiser Aluminum and Chem- 

30 ical Corporation; and Boehmite aluminas such as Catapal aluminas sold by Vista Chemical Company and Rural 
(Boehmite) available from Condea Chemie. Mixtures of these aluminas can also be used as the support ma- 
terial for the catalyst of the present invention. The amount of support materia! is an amount which Is suff teient 
to provide the final catalyst with from about 1% to about 10% by weight of the support material. 

The second aqueous mixture which is utilized in the process of the present invention is an aqueous alkaline 

35 mixture of an alkali metel silicate and an inorganic base. Alkali metel silicates such as sodium or potessium 
silicates may be utilized to prepare the mixture and the inorganic base is preferably an alkali metal base such 
as sodium hydroxide, potassium hydroxide or a precursor such as sodium oxide, potassium oxide, etc. The 
aqueous alkaline mixture generally is prepared by adding the inorganic base or base precursor to water and 
thereafter adding the alkali metel silicate. 

40 The aqueous acidic mixture conteining the nickel bns and the support material, and the aqueous alkaline 

mixture conteining the alkali metel silk:ate are combined whereupon the nickel and silicate ions are precipitated 
onto the support material. Although the two mixtures may be combined in any manner, it is generally preferred 
that the aqueous alkaline mixture is added to the aqueous acidic mixture over a period of time such as from 
about 0.5 to about 2 hours with stirring while mainteining the temperature at about 70-80''C. When the addition 

45 of the aqueous alkaline mixture is completed, the pH of the combined mixture is adjusted to about 8 to 9, gen- 
erally with an aqueous solution of sodium or potessium hydroxide. 

The support material conteining nickel and silicate ions Is then recovered from the slurry by any technique 
known to those skilled in the art including filtration, settling, centrifuging, etc. The solids thus recovered may 
be washed with water and dried by heating to temperatures up to about 100-110*»C or higher for periods of from 

50 about 1 to about 8 hours. 

The catalyst Is prepared from the support material containing nickel and silicate ions by preparing a form- 
able mixture of water, day mineral and the precipitated material containing nickel and silicate ions, and there- 
afterforming the mixture into a catalyst having the desired shape. Generally, this mixture is prepared by adding 
the clay to the precipitated, supported material and mbcing to obtain an intimate mixture. Water is then added 

55 to the mixture, and the amount of water added should be an amount which is sufficient to form a mix which Is 
suitable for the forming process, for example, an extrudable mix. The amount of clay mineral included in the 
mixture is an amount which will provide the catalyst with from about 5% to about 25% by weight of the clay 
binder. Thus, the amount of clay mineral contained in the formable (e.g., extrudable mixture) will range from 
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about 5% to about 20% or even 30% by weight based on the weight of the precipitated, supported material 
containing the nickel and silica. - 

The formed nickel catalyst of the present invention may be prepared in any desired shape by a variety of 
forming procedures including extrusion, briquetting, tabletting, etc. Thus, the shape of the catalyst can be in 

5 the form of extruded, briquetted or tabletted cylinders, polylobal extrusions, spheres, rings, hollow core cylin- 
ders, or any other appropriate geometric shape. The different forming techniques may require mixes with dif- 
ferent moisture contents as will be readily apparent to those skilled in the art. 

in one preferred embodiment, the formed catalysts of the Invention are prepared by extruding the above- 
described mbctures to form an extrudate. The size and shape of the extrudate can be varied over a wide range 

10 although the size generally is from about 1/32-inch to about 3/8-inch in diameter. 

The dried catalyst may be calcined and thereafter reduced or reduced directly In hydrogen. Generally, the 
dried catalyst is calcined by heating with flowing air or inert gas to a temperature of from about 110°C to about 
600**C or higher, preferably from about 350"C to about 500**C. The time and temperature of the calcination 
should be sufficient to decompose the metal salts, convert the metals to metal oxides and to fix the metal ox- 

15 ides in this support. Any type of calciner, such as a rotary kiln, tunnel kiln, vertical calciner. etc., can be used 
so long as the metals are converted to metal oxides. 

The formed and calcined catalyst described above can be activated by reduction at an elevated temper- 
ature in the presence of a gaseous reductant such as hydrogen. At least a portion of the nickel in the catalyst 
should be reduced. The reduced catalyst can then be stabilized by depositing a mono-molecular layer of carbon 

20 dioxide on the catalyst to prevent spontaneous oxidation of the highly active nickel when the catalyst is exposed 
to the air. In one embodiment, the calcined catalyst of the present Invention Is reduced with hydrogen at a tem- 
perature of about 75-500<'C. mofe often 400-500*'C and thereafter cooled to about SO'^C and stabSlzed by con- 
tacting the reduced catalyst with carbon dioxide. 

The following examples fliustrate the catalysts of the present invention and their method of preparation. 

25 Unless otherwise Indicated, all parts and percentages are by weight, temperatures are in degrees Centigrade, 
and pressures are at or near atmospheric pressure. 

Example 1 

30 A mixture of 27.474 Kg of an aqueous nickel chloride solution containing 1 3.42% nickel, 282 grams of con- 

centrated nitric acid and 1 3.4 gallons of water Is prepared in a reactor vessel, and 694 grams of Rural alumina 
are added. The temperature of the mixture is raised to about 75*'C. 

In a separate vessel, a mixture of 43 gallons of water and 7.693 Kg of a 50% aqueous sodium hydroxide 
solution is prepared. To this mbcture there are added 12.388 Kg of a sodium siltoate solution containing 28.9% 

35 Si02. The SiOs/NazO ratio in the sodium siicate is about 3.25:1 . The mbcture in the second vessel is then added 
slowly with stirring to the mixture in the reaction vessel over a period of about one hour while maintaining the 
temperature at about 75°C. When all of the second solution has been added, the pH of the mixture in the re- 
action vessel is adjusted to between about 8 and 9 with a 50% aqueous sodium hydroxide solution. The mixture 
in the reaction vessel is heated to 94-97*»C and maintained at this temperature for one hour The reaction mix- 

40 ture is then quenched with 30 gallons of water, and 1 .239 Kg of Celite F.C. are added to the reactor and the 
slurry is mixed for about 10 minutes. The slurry is then pumped into a filter press, filtered, and the residue is 
washed overnight The washed residue is then blown with air for 30 to 45 minutes, removed firom the press 
and dried at 105°C for 2 to 6 hours. The dried residue is then milled to a powder. 

To a mixer there are charged 309.09 Kg of the dried solid prepared above and 37.27 Kg of Attagel 50. The 

45 mixture is mixed for 2 fcD 5 minutes whereupon 186.36 Kg of water are added over a period of 5 to 8 minutes 
while stirring. This mixture is stirred for an additional 20 minutes and then extruded through a 0.070-inch cyl- 
indrical dye. The extrudate is dried at about ISO^'C (300*'F). The dried extrudate is then calcined at a temper- 
ature of 390*C for one hour, reduced with hydrogen for 2 hours at about 450*C and then for an additional period 
of time as the catalyst is cooled to 50*»C and then stabilized with carit)on dioxide. /Vnalysis of the catalyst thus 

so obtained indicates a nickel content of about 32%, a nickel crystallite size of about 85A, and a crush strength 
of about 12.3 pounds per 3/16-inch. 

Example 2 

55 The general procedure of Example 1 is repeated except that only 18.64 Kg of Attagel 60 are used. The 

catalyst prepared in this manner contains 33.7% nickel, has a nickel crystaHite size of 75A and a crushing 
strength of 9.5 pounds per 3/16-inch. 
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Example 3 

The procedure of Example 1 1s repeated except that the Attagel 50 Is replaced by the 37.27 Kg of Bentonite 
(200 mesh green bond SJ from Ashland Chemical Co.). The catalyst prepared In this manner contains 31.4% 
nickel, has a nickel crystallite size of 70Aand a crush strength of 7.0 pounds per 3/16-inch. 

Example 4 

The procedure of Example 1 is repeated except that the Attagel is replaced by 37.27 Kg of kaolin (Kaolin 
ASP-400 available from Engelhard Corporation). The catalyst prepared in this manner contains 32.6% nickel, 
has a nickel crystallite size of 70Aand a crush strength of 12.8 pounds per 3/16-inch. 

Control Example 

The procedure of Example 1 is repeated except that the Attagel is replaced by 37.27 Kg of Catapal® Boeh- 
mite alumina available from Vista Chemical Co. The catalyst prepared in this manner contains 32.2% nickel, 
has a crystallite size of 90A and a crush strength of 12.9 pounds per 3/16-inch. In this case, an acid Is added 
to peptize the alumina. 

The formed nickel catalysts of the present invention are useful particularly in fixed bed hydrogenatlon re- 
actions, and more particularly, Inthe hydrogenationoffatty materials such as fats and oils In components there- 
of, particularly unsaturated fatty acids and fatty acid esters, such as oleic acid, linolelc acid, tall oil acid, methyl 
oleate. methyl linoleate, ethyl oleate, etc. The fetty materials are hydrogenated by contacting the fatty materials 
with hydrogen and a catalyst of the present Invention under catalytk: hydrogenatlon conditions. Preferably, the 
hydrogenation is accomplished in a fixed bed reactor system. 

As mentioned above, one of the difficulties of using nickel-containing supported catalysts, particularly in 
a fixed bed hydrogenation reaction, is that the nickel present in the catsdyst tends to react with fatty acids and 
fatty esters to form nickel soaps, and these soaps can be deposited on the catalyst or they can accumulate 
in the reduced fatty acid product. As a result, the activity of the catalyst is diminished, and the dissolved nickel 
soaps have a deleterious effect on the quality of the hydrogenated fatty acid obtained. However, it has now 
been observed that when a f faced bed hydrogenation is carried out on fetty materials utilizing the catalyst of 
the present invention, the catalyst is very effective in producing hydrogenated fatty acids, and there is a sig- 
nificant reduction in the amount of nickel contained in the product when compared to a similar catalyst using 
other binders such as alumina. In addition, the amount of aluminum contained in the fatty oil product as a result 
of the dissolution of aluminum from the binder is significantly less than the amount of aluminum present In the 
product obtained using a control catalyst which is identbal to the catalyst of the present invention except an 
equivalent amount of Catapal alumina is used as the binder. It is obviously undesirable to obtain hydrogenated 
fatty acids which contain significant amounts of nickel and/or aluminum. 

The ability of the catalyst of the present invention to reduce fatty materials and to produce hydrogenated 
fatty materials containing reduced amounts of nickel and aluminum Is demonstrated by comparing the results 
obtained with the catalysts of the invention as described in Examples 1 , 3 and 4 with the results obtained with 
the Control Catalyst described above which was prepared by the same procedure utilized to prepare the cat- 
alyst of the present invention except that the clay component was replaced by an equivalent amount of alumina. 
The procedure for this evaluation involved loading about 30 grams of the formed, reduced and stabilized nickel 
catalyst into a reactor tube and then allowing a bleached tallow fatty acid having an iodine value of 51 and 
hydrogen to flow from above through the formed catalyst. The product is collected from the other end of the 
reactor tube and analyzed for unsaluration (Iodine value), ppm of nickel, and ppm of aluminum. Samples are 
taken every 1 5 minutes over a test period of 3 hours during which time the catalytto activity is reasonably con- 
stant. The results of this evaluation are summarized in the following table. 
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^rogenation Results 


Catalyst of Example 


iodine Value 


Ni (ppm) 


Al (ppm) 




1 


34.1 


6 


<10 




3 


36.0 


3 


<10 


10 


4 


29.8 


5 


20 




Control 


38.7 


120 


120 



As can be seen from the above results, the catalysts of the present Invention which contain day are more 
effective in the hydrogenation of the fatty acid (lower iodine value), and the product obtained contains signif- 
icantly less nickel and aluminum contamination than the product obtained with the Control Catalyst These re- 
sults indicate that the alumina and active nickel contained in the catalyst of the present invention remain in 
the catalyst, and the catalyst retains Its integrity by retaining the binderand remains effective for a longer period 
of time than the control catalyst because the nickel remains in the catalyst. 

While the invention has been explained in relation to its preferred embodiments, it is to be understood that 
various modifications thereof will become apparent to those skilled in the art upon reading the specification. 
Therefore, it is to be understood that the invention disclosed herein is intended to cover such modifications as 
fall within the scope of the appended claims. 
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1- A formed nickel catalyst useful in fixed bed hydrogenation of fatty materials which comprises from about 
1 0% to about 50% by weight of nickel and from about 3 to about 30% by weight of at least one day mineral 
binder. 

2. The catalyst of daim 1 also containing from about 20% to about 60% by weight of silica. 

3. The catalyst of daim 1 also containing from about 1% to about 1 0% by weight of alumina. 

4. The catalyst of daim 1 containing from about 25% to about 45% by weight of nickel. 

5. The catalyst of daim 1 wherein the day mineral is a montmorillonite, kaolinite or attapulglte clay. 

6. The catalyst of daim 1 containing from about 5% to about 20% by weight of the day binder. 

7. A formed nickel catalyst useful in fixed bed hydrogenation of fatty acids and esters which comprises from 
about 25% to about 45% by weight of nickel, from about 25% to about 45% by weight of silica, from about 
1% to about 10% by weight of alumina and from about 5% to about 20% by weight of at least one day 
mineral binder. 

8. The catalyst of daim 7 also containing from about 0.5% to about 1 0% by weight of at least one silica sup- 
port material. 

9. The catalyst of daim 8 wherein the silica support material is diatomaceous earth. 

10. A process for preparing a supported and formed catalyst which comprises 

(A) preparing an aqueous acidic mixture of nickel tons and a solid support material; 

(B) combining the aqueous addle mbdure of (A) with an aqueous alkaline mbcture of an alkali metal 
silicate and an Inorganic base whereby the nickel and silicate ions are precipitated onto said support 
material; 

(C) recovering the support material containing the precipitated nickel and silicate ions; 

(D) preparing a mixture of water, a day mineral and containing the precipitated nickel and silicate tons; 
and 
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(E) forming the mixture into a catalyst of the desired shape. 

11. The process of claim 1 0 wherein the catalyst formed in step (E) is dried and calcined at a temperature of 
from about 110-600**C. 

12. The process of claim 10 wherein the support material in the mixture used in step (A) is alumina, silica or 
a mixture of alumina and silica. 

13. The process of daim 10 wherein the inorganic base in (B) is an alkali metal hydroxide. 

14. The process of daim 10 wherein the day mineral is a montmorOlonite, kaollnite or attapulgite clay. 

15. The process of claim 10 wherein diatomaceous earth is added to the mixture obtained In step (B) prior 
to recovery of the catalyst In step (C). 

IS 16. The process of daim 10 wherein the aqueous mixture of (A) Is combined with the aqueous alkaline mixture 
of (B) by the addition of the aqueous alkaline mixture to the aqueous acidic mixture. 

17. The process of daim 1 1 which additionally indudes the step of reducing at least a portk>n of the nickel In 
said catalyst at an elevated temperature In the presence of a reductant 
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18. The process of daim 1 7 wherein the reductant is a gaseous reductant. 

19. The process of daim 1 8 wherein the reductant Is hydrogen. 

20. The process of daim 17 wherein the reduced catalyst Is stabilized by contact with carbon dioxkie. 

21. A process for hydrogenating fatty carboxylk: ackJs and esters thereof In a fixed bed comprising contacting 
the acids or esters with hydrogen and a catalyst under catalytic hydrogenation conditions wherein the cat- 
alyst Is a formed nickel catalyst according to any of claims 1 to 9. 
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